The current study examines the challenges and constraints faced by rural, small-herd, llama (Lama glama) agropastoralists of the Bolivian Altiplano. Three different study sites with various degrees of agropastoralism were examined in order to describe the relationship between quinoa (Chenopodium quinoa) and llama production and the implications of land use competition between these two livelihoods. In order to document the impact of land use change, the study also examined the native forage species available to free grazing llamas and their relative importance. Llama pastoralists were interviewed and completed a survey on the perceived importance of native forage plants in grazing llama diets as well as the perceived constraints to llama husbandry. The relative frequency of citation (RFC) index was employed as a measure of relative importance of different native forage plant species. This data was supplemented with further primary data collected from the field using mixed methods involving participatory rural appraisal techniques (PRA), interviews and focus groups. Secondary data was collected from an in-depth literature review, government offices and other relevant institutions. The study presents a detailed list of all cited native forage species and their perceived importance as a forage crop and any ethnoveterinary uses. The results reveal that challenges and constraints can often be site-specific, and a lack of forage throughout the dry season (May to November) was a general constraint among study sites. Quinoa production was found to be in direct competition with llama husbandry, with many sites demonstrating s shift away from llama pastoralism.
Introduction
The United Nations Human Development Index ranks Bolivia 118 th out of 188 countries, with 45% of the population living below the poverty line (UNHDI, 2016) . Llama husbandry is recognized as an important element of the Altiplano ecosystem (Barreta et al., 2013; Treydte, Salvatierra, Sauerborn, & Lamers, 2011; Postigo, Young, & Crews, 2008; Fairfield, 2004) as it ensures soil fertility and seed dispersal while providing a livelihood and a source of many goods and services for rural communities. Small ruminant (llama and sheep) husbandry is the principal economic activity for more than 54 000 rural poor families in Bolivia, while 3 000 families pursue llama husbandry as their primary source of income (Barreta et al., 2013; Vera, 2006) . Llama husbandry in the Bolivian Altiplano involves traditional agro-pastoral herding in natural pastures. Agropastoralists are defined as people who derive less than 50% of their income from animals and animal products, and the remainder of their income is predominately derived from the cultivation of crops (Jenet et al., 2016) . In the Bolivian Altiplano, community pastures are managed collectively by local peoples (Jenet et al., 2016) . Traditionally, communities of the Altiplano would self-govern access and use of community pastures depending on population density, the environment and available resources. Up to 90% of pasture land in the Altiplano is still managed communally (Coppock et al., 2017) . 
Study Objective
The study addresses the challenges and constraints of agropastoralism, and the associated traditional ecological knowledge (TEK) of native forage species in the Bolivian Altiplano. The study addresses the knowledge gap in llama husbandry in the Bolivian Altiplano, specifically the identification and perceived importance of native forage plants in natural pastures. The TEK of native plants for ethno-veterinarian controls was also studied.
Methods

Study Area
The study area encompassed three communities in the Province of Antonio Quijarro, Department of Potosi, Bolivia (Figure 2 ). Communities were chosen to have a similar population size and residents of all three communities derived their income from various degrees of agropastoralism. The Province accounts for 35% of the entire Bolivian llama population (Instituto Nacional de Estatistica [INE] , 2014). The study sites are characterised by an extremely low average annual rainfall (277 mm) and located at an average altitude of 4120 m a.s.l. (Table 1 ). Figure 3 . The majority of the landscape is dominated by short, woody shrubs, tall bunchgrasses and perennial rhizomatous grasses and slow-growing perennials. UNESCO (1973 , cited from ZONISIG, 2000 identified 409 plant species from 70 families in the Potosi Department (ZONISIG, 2000) . The native vegetation consists primarily of species from the following families: Asteraceae (23%), Poaceae (19%), Fabaceae (5%), Verbenaceae (3%), Cactaceae (3%), Mimosaceae (2%), Solanaceae (2%), the remaining 43% in other plant families (ZONISIG, 2000) . 
Data Collection
Data collection was carried out January to April 2014, during the wet season. Primary data was collected through an analytical survey developed in-situ. Following the first contact with study participants, the survey was developed with the help of three key informants from Site 1 whom also served as respondents for pilot testing the survey. The survey aimed to sample all llama-owning individuals at each of the three study sites to achieve maximum variation in the sample. In total, 41 respondents participated in the survey (Site 1: 12; Site 2: 15; Site 3: 14). After completing the survey with each respondent, a short interview on native forage plants was conductedeach respondent was asked purposeful questions to consider their knowledge on native forage plants. The interviews were followed by a free listing exercise, where respondents were asked to name all known forage plants. Each time a respondent mentioned a plant during the survey, the interview and in the free listing exercise, the local plant names were recorded and noted as a citation to calculate the Relative Frequency of Citation (RFC) index.
Relative Frequency Citation (RFC) and Data Analysis
The demographics and descriptive variables of the management practices of the study sites were recorded, and significant differences were measured between sites using a one-way analysis of variance (ANOVA). The Levene's test was performed to test for equal variances. When equal variances were assumed, the Scheffe post-hoc test was used, and when equal variances were not assumed, the Games-Howell post-hoc test was used to determine which sites differed significantly from one another.
To determine the subjective importance of forage species, the Relative Frequency of Citation (RFC) index was used (Ahmad et al., 2014; Signorini et al., 2009 ). The number of species cited by each respondent and the frequencies at which they were cited at each study site gives an idea of the TEK of forage plants in the area. By identifying the most frequently cited plants, it can be inferred that these species are indeed the most well-known and probably also the most important species (Ahmad et al., 2014; Estomba, Ladio, & Lozada, 2006) for pastoral use.
As the RFC of a group does not take into consideration the frequency with which a respondent has cited a given plant, nor the total number of species cited by an individual, an adapted version of the RFC (per individual, RFCi) was also calculated to compare results.
In order to gain an understanding of the diversity of the forage plant community between sites, the Simpson Diversity Index (D) and Equitability (H) were calculated. The diversity indices and associated evenness were calculated for each individual, and then the average was taken to give a total diversity index for each site. The total and mean citations for each species at all three study sites were also calculated. By using quantitative measures in conjunction with qualitative measure and the context of the study sites, a useful picture of the ecology and ethnobotany at each site is produced.
The ethnobotanical datasets of native forage plants were analysed according to the statistical methods presented in Table 2 to obtain a measure of individual and local importance -i.e. site-specific -for each species to also elucidate the inter-site diversity of forage plants. 
Results
Site Differences
Income derived from llama husbandry was reported at 17.91% on average from Site 1, 24.67% from Site 2, and 36.07% from Site 3 -no statistical differences between sites was observed. As per the definition of agropastoralism (Jenet et al., 2016) , all three sites fall into agropastoral systems as the inhabitants derive less than 50% of their income from animals and animal products.
Site 1 had the highest reported area of planted quinoa (µ=10.33 ha), while Site 2 reported an average of 1.35 ha, and Site 3 had the lowest area of quinoa planted (µ=0.2 ha). Llama populations were reported to be decreasing at a significantly higher rate (p-value 0.001) at Site 1 than at Site 2 and Site 3 (p-value 0.007). Herd sizes reported from respondents were higher than those reported in previous studies. Livestock owners were asked what would be an ideal number of llamas in a herd in order to maintain a satisfactory livelihood. Mean ideal herd sizes of llamas per person were reported as 37.5 heads, 50.1 heads, and 40.9 heads at Sites 1, 2, and 3, respectively - Table 3 . The number of citations of different ethnobotanical ecosystem categories varied among study sites. Post-hoc Scheffe tests revealed that the ecosystem of bofedales (wetlands); F (2, 38) = 13.79, p-value=0.00, was cited a significantly greater number of times at Sites 2 (µ=2.00, σ=1.134), and 3 (µ=1.57, σ=0.756) than at Site 1 (µ=0.25, σ=0.622). Post-hoc Scheffe tests revealed that espinas (spinose plants); F (2, 38) = 10.448, p-value=0.00, were cited significantly more often at Site 1 (M=3.33, SD=1.073) than at Sites 2 (µ=1.80, σ=1.373) and 3 (µ=1.21, σ=1.122). Similarly, post-hoc Scheffe tests revealed that herbaceous plants (pastos verdes); (2, 38) = 9.544, p-value = 0.00, were cited a significantly higher number of times at Site 1 (µ=1.25, σ=0.965) than at Site 2 (µ=0.27, σ=0.458) and Site 3 (µ=0.29, σ=0.469).
Time Inputs
Livestock owners at Site 1 dedicated significantly more time to their animals than at Site 2 (p-value 0.000) and at Site 3 (p-value 0.000) in the wet season which runs from November -May. This is the same time that quinoa is planted, and the quinoa is harvested in April or May. During the wet season at site 1, the llamas need to be brought out to pasture and kept the entire day so as to make sure they do not enter quinoa plots and graze on the plants. The pastors employed were always family members at Sites 2 and 3, while at Site 1, 75% of the respondents used family members as pastors; 16% hired salaried pastors, and 8% employed the Partida system, where the livestock owner and the hired pastor split the llama products as a form of payment. The amount of time input required was stated as a limiting factor by 59% of the respondents at Site 1, while it was not mentioned as a problem at Sites 2 and 3, as the animals are allowed to graze freely throughout the year.
Native Pasture Access & Use
Respondents across all three study sites stated that a single llama needs, on average 4.4 ha of natural pasture land in order to ensure the animal's wellbeing. There were some variations among sites, but no statistically significant differences. Most of the respondents in all three study sites stated that they had access to natural pasture lands for their animals to graze (Table 4) ; however, reported access to natural pastures was slightly lower at Site 1. The most common limitation to ensuring sufficient pasture land at Site 1 was that there was no land available for the animals' to graze upon, as it was in use for quinoa production. At Site 3, respondents also reported a low level of perceived sufficient pasture land available (µ=0.414). However, respondents stated overstocking of animals and overgrazing of the available pasture lands as reasoning to their answers. Respondents at Site 1 reported the significantly lower perception of secure, long-term access to pasture lands. 
Manure
All respondents at the three study sites used llama manure as an agricultural fertilizer. All respondents were aware of the agricultural benefits of manure applications, i.e. that it is rich in nutrients and enhances water-holding capacity and soil aeration. Manure was generally harvested from corrals or communal latrines latrines and applied every 2 years when the soil was tilled, prior to planting. A metric ton of fresh llama manure is sold for on average BOB 193.95. Manure is sold to neighbours in the same community, or to nearby communities. According to the United States Department of Agriculture [USDA], llamas generate an average of 150 kg of manure a month (USDA, 2008) . This results in a potential profit of BOB 32 per llama per month. With an average herd size of 82.2 heads (from current study), a theoretical monthly profit of BOB 2630.40 (equivalent to USD 380.97 on 5 th May 2018) can be generated solely from the sale of llama manure. The results from the study showed that the amount of manure sold (intra and inter-communities) was found to differ significantly among study sites; F (2, 38) = 17.78, p-value = 0.00. Post-hoc Games-Howell tests revealed that Site 3 (µ=1.00, σ=0) sold significantly higher amounts of manure than Site 1 (µ=0.17, σ=0.389) and Site 2 (µ=0.4, σ=0.508) with a p-value of 0.000 and 0.001, respectively.
Future Outlook of Llama Husbandry
Livestock owners were asked if they would like to continue with llama husbandry as a livelihood. Respondents at Site 1 showed a significantly lower interest in continuing with llama husbandry than at Sites 2 and 3 (p-value 0.013, and p-value 0.017 respectively). At the time of the study, 33% of respondents at Site 1 were planning on slaughtering their entire herd at the beginning of the dry season (May) because the work involved was too demanding for the amount of income it generated, and the dwindling amount of natural pastures in the area.
Ethnobotany of Native Forage Plants
A total of 59 different plants (including ethnobotanical groups) were cited by respondents from all study sites. Based on the botanical identification, a total of 54 individual species (in some cases sub-species) were identified, belonging to 44 genera and 18 families. When it was impossible to identify the exact species the annotation 'cf.' was used. The five main ethnobotanical groups of plants stated by respondents were: espinas (spinose plants), leñas/tolas (shrubs), pastos verdes (herbaceous plants), bofedal (wetland plants), and pajas/ichu (grasses). Some informants recognized each of these groups as a single species (ethno-species), while others further defined specific vernacular names within each classification. Vernacular names are sometimes given to an entire class of plants, rather than a specific species (Villagrá n & Castro, 2004) . See the base inventory list in Appendix I for a complete description of all cited forage plants and classes of plants. The plant families most frequently mentioned by informants were: Poaceae (22.2%; 9 species, 123 citations), Fabaceae (20.9%; 7, 116) , Asteraceae (20.4%; 13, 113) and Malvaceae (8.7%; 2, 48) - Table 5 ). A total of 909 citations were recorded from interviews with a total of 41 respondents across all three study sites. Four of the mentioned forage plants (Tables 5) were cultivated crops: mint, barley, alfalfa and flax. Crop residues of broad beans from home-gardens and quinoa residues were also used as fodder. Quinoa crop residues (hipi de quinoa) were most often used as fodder by respondents at Site 1 (75% of respondents). The remaining 48 plants are all wild, native plant species.
A total of 25 plants were reported to be of additional medicinal value, while 9 were cited to be used for ethno-veterinarian purposes (See Appendix I and Table 6 ). Some species were reported to be toxic to livestock (6 species) -Appendix I.
The forage plants mentioned by respondents were distributed across local ecosystems - Figure 4 . A total of seven ecosystem classes were mentioned in the local language. Translated, a bofedal is a type of seasonal wetland where hydrophilic plants can be found year round. The local ecosystem classification of pampa was reported to contain the highest concentration of forage plants. Pampa can be translated from Quechua to English as plains, or grasslands. 
Relative Frequency Citation of Forage Species
The RFC and RFC i were calculated as a basis for a comparative ranking of forage species (Table 6) , in order to identify the most important species at each study site. A complete table of the RFC and RFC i indices can be found in Appendix II. Sites 2 and 3 had similar rankings of RFC and RFC i , while Site 1 differed more from the other two study sites ( Figure 5 ; Table 7 ). The ethnobotanical groups of spinose plants (espinas), shrubs (leñas/tolas) and grasses (paja/ichu) were ranked among the top five categories of forage species across all three study sites. Sites 2 and 3 ranked the ethnobotanical group of wetland species (bofedales) much higher than Site 1. Sites 2 and 3 also ranked cultivated crops, such as mint and barley, higher than Site 1. However, Site 1 ranked crop residues of quinoa among the top 10 forage plants, whereas Sites 2 and 3 did not. Significant differences in the number of times a specific ethno-species was mentioned as a forage plant were found between sites (see Table 8 ). 
Inter-Site Diversity of Forage Plants
No significant differences were found between sites for the calculated Simpson index of diversity for plant citations (Table 8) . A one-way ANOVA of equitability (H i ) in citations between the sites did reveal significant differences; with P<0.05. Post-hoc Scheffe tests revealed that Site 1 (H=0.9379, SD=0.01034) had significantly lower equitability than Site 3 (H=0.9522, SD=0.01877). These results show that respondents at Site 1 mentioned a significantly wider variety of species than at Sites 2 and 3; with the citations from respondents at site 3 being the less varied.
Inter-Site Variation of Native Forage Plant Use
The variation with respect to the number of citations of native forage plant species and categories between sites is shown in Table 8 . The number of citations of different ethnobotanical ecosystem categories as apparent from the average FCi-values varied among study sites. Post-hoc Scheffe test for the bofedal ecosystem (P<0.001) was cited a greater number of times at Sites 2 and 3 than at Site 1. Post-hoc Scheffe tests revealed that espinas (P<0.001), were cited more often at Site 1 than at Sites 2 and 3. Similarly, post-hoc Scheffe tests divulged that pastos verdes (P<0.001), were cited more at Site 1 (Figure 6 ) than at Sites 2 and 3. Figure 6 . View of quinoa and llama grazing areas at study site 1: Chacala, Potosi Region, Bolivia.
Photo: S.J. D'Apollonia (2014)
Significant differences in the number of times a specific ethno-species was mentioned as a forage plant were also found between sites (Table 5) . Post-hoc Games-Howell tests were used to analyse for the following species to determine where exactly the differences between sites lie. Respondents at Site 3 did not mention Adesmia spp. as forage species while mentioned at Site 1 (mean=0.92, SD=0.900) ( Figure 7 ) and Site 2 (mean=1.07, SD=1.486). Upon observation Adesmia spp. were found to be present at Site 3, although the plants were mainly found in the foothills (quebradas) and not the principal grazing area of the wetlands (bofedal 
Discussion
Future Outlook of Llama Husbandry in the Bolivian Altiplano
The study sites were chosen to include agropastoralists pursuing different livelihood strategies involving livestock (llama) husbandry and quinoa production (Figure 8 ). Site 1 was chosen as a representation of a village with a high degree of quinoa production and a low degree of llama husbandry. Site 2 was chosen to represent a village with a balance of both llama and quinoa production, and Site 3 was chosen as a community that exclusively practised llama husbandry. The results of the socioeconomic descriptions from the survey confirm these general village characterisations. Respondents at Site 1 planted a significantly greater area of quinoa in the community (μ=10.33 ha) in comparison to Sites 2 (μ=1.35 ha) and 3 (μ=0.2 ha). Respondents at Site 1 also placed significantly higher importance on quinoa production than livestock husbandry. It was observed that Site 3 rated livestock husbandry as being of significantly higher importance than the other two study sites. Furthermore, the reported income derived from llama husbandry across study areas reflects the accurate description of the study sites, with Site 3 deriving the most income from llama husbandry (μ=36.07%), and Site 1 deriving the least (μ=17.91%). The rejection of the null hypothesis that all study sites are equal in their livelihood pursuits is of crucial importance in order to compare the impact of land-use pressure on rural llama husbandry. Respondents at Site 1 stated that their llama populations were, on average, in decline. This contrasts findings at Sites 2 and 3, where respondents stated that their llama populations were stable or increasing. This is a very important finding, in that it confirms that the future of llama husbandry is at risk in areas where there is a perceived lack of pasture. Responses from the analytical survey on the future forecasts for llama husbandry at Site 1 show that only four of the pastoralists interviewed said they would continue with llama husbandry the following year. From surveys, interviews and focus groups with llameros at Site 1, the greatest constraint in llama husbandry was a lack of pasture caused by land-use competition with quinoa producers. As quinoa production increases, through expanding cropland, native pastures are disappearing (according to pers. comm. with local villagers, 2014; Bonifacio, 2014; Jacobsen, 2011) . This trend is slowly being recognized by altiplano residents as an impending threat to traditional livelihoods such as llama husbandry.
Forage Plants in Natural Pastures
The present study offers a good basis for further investigation of the native forage plant community in the Bolivian Altiplano. Most of the plants (84.58%) reported as forage species were found in the pampa ecosystem (including pampa alta and pampa baja). However, the bofedal ecosystem was mentioned a significantly greater number of times at Sites 2 and 3. This could signify that respondents at Sites 2 and 3 placed higher importance on the forage plant species sustained in a bofedal ecosystem. All study sites mentioned shrubs (leñas/tolas) with a high RFC ranking. This shows that these native shrubs species are considered a vital component of L. glama diets in natural pastures, which is also in agreement with previous studies (Fugal et al., 2010; Bryant & Farfan, 1984) .
Ethnobotany and TEK of Native Forage Plants
The RFC i takes into consideration the frequency of citations for each individual respondent rather than the citations across an entire group of respondents; we therefore consider RFC i a more useful index. We did not perform any analysis of correlations to determine why there were variances between RFCi, and the frequency of citations was only analysed on an inter-site level. Further analysis to determine factors such as age, gender, time at a pasture that may correlate with TEK could be carried out.
The ethnobotanical importance of forage species must not be neglected when developing management plans for natural pastures. Many forage species cited by respondents are very slow-growing and, for example, Yareda (Azorella compacta Phil.), found in bofedales, is estimated to grow 1.5 cm per year (Kleier & Rundel, 2004) , while tola (shrub) species are known to be of particularly slow growth (ZONISIG, 2000) . Management plans of natural pastures should incorporate the slow growth rates of these native forage species, especially if they are rated with a high RFC.
Conclusion
Management of natural pastures must incorporate results from studies which detail the most important forage species from an ethnobotanical perspective and consider findings from studies which employ PRA methods. These results can also be applied to more quantitative studies with detailed counts of the abundances and availability of native forage species in natural pastures by performing controlled plot sampling of the natural landscape in order to determine native forage species abundances and availability. The conflict between llameros and quinoa producers arises because of the direct competition for land use. This case study reveals that the expected costs of time and labour investment outweigh the expected benefits of llama husbandry. The current market price of llama products is too low for rural llama husbandry to remain competitive with other rural livelihood options. Secondary, value-added llama products such as manure may provide an added economic incentive for rural peoples to pursue llama husbandry. Challenges are sometimes case-specific, as in the case of Site 1 which mentioned access to pasture land as the greatest challenge, while access to quality forage plants throughout the year (specific deficits reported from June -August) was a common constraint across all study sites. Parallel livestock and crop systems in areas where llama and quinoa production are in direct competition were observed and explored in this study. Both livelihoods have the ability to be mutually beneficial if land-use conflicts are addressed. The need for re-establishing a balanced and integrated quinoa-llama production system with adequate forage availability in the Bolivian Altiplano is of crucial importance for ensuring long-term sustainability for rural livelihoods and the environment.
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